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(g) Distillate fuel production. 



} Distillate fuels, for example diesel and jet fuels, with excellent cold flow properties are produced from 
waxy Fischer-Tropsch products by separating the product Into a heavier and a lighter fraction; 
isomerizing the heavier fraction; hydrotreating and isomerizing the lighter fraction; and recovering 
products in the required fuel ranges. 
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This invention relates to the production of middle distillates, suitable for use as, or in, diesel or jet fuels 
having excellent low temperature properties. More particularly, this invention relates to the production of such 
distillate fuels from a waxy hydrocarbon produced by the reaction of CO and hydrogen, for example in a Fisch- 
er-Tropsch hydrocarbon synthesis process. c . 

The waxy product of a hydrocarbon synthesis product, particularly the productf rom a cobalt ^asedwtalys^ 
process, contains a high proportion of normal paraffins. Nevertheless, the products from y^ sj 
Lsis must be useful in a wide variety of applications, just as are the products ^^l"^^ 
roleum. Indeed, the products must be fungible and the application must not be affected 
product. Waxy products provide notoriously poor cold flow properties making such products difficult or impos- 
sible to use where cold flow properties are vital, e.g., lubes, diesel fuels, Jet fuels. 

cSld ftowTmp^ies can beTmproved by increasing the branching of distillates within the proper bo mg 
range as well as by hydrocracking heavier components. Hydrocracking, however, produces gaseous an I ight 
products that tend to reduce the yield of valuable distillates, and there remains a desire for max.rn.zmg de- 
lates obtained from F'ischer-Tropsch waxes. .. . 

The process of the present invention tends to increase the yield of distillates, such as kerosene diese s 
and lube base stocks as wellas providing excellent cddflow properties that are essential for the ^''^^ es ; 
materials. In accedence with this invention, materials useful asdiesel and j« tfuelswasb,end .7^P°"^ 
for diesel and jetf uels are p«oduced from waxy Fischer-Tropsch products by a SSKS 
by fractionation) the waxy Fischer-Tropsch product into a heavier fraction boiling above about 500-F and * 
[east one lighter fraction boiling beiow about 500-F. for example, a 320/500'F fract.cn but preferably an ail re- 
maining liquid, at atmospheric pressure, fraction. i.e.. a CVoWF fraction. u„ Hm »« a » 
The heavierfraction is catalytically hydroisomerized, preferably in the absence of .ntermed,ate hydrot eat- 
ing and produces products with excellent cold flow characteristics that can be used as jet uels and desel 
S or as Wending components therafor. Preferably this isomerized materia, produces jet uels having, . 
freeze point of about -40°F or lower and diesel fuels having low cloud points, and cetane ratmgs less than that 
normal paraffins; thus, indicating increased product branching relative to the waxy par- 

^TteHghterfraction. either the 320/500 cutor the C6 /500cuUs first subjected to mild catalytic hydrotreating 
to ro^taro-atom'compounds. such as o^ 

ducing materials also useful as diesel and jet fuels or useful as blend.ng components therefor. Optnmfeal 
ore part of each product stream can be combined or blended and used as diesel or jet fuels or further blended 

f0f S S e catalysts useful in each hydrotreating and hydroisomerization can be selected to improve the qualities 

° f th fn embodiment of this invention, any 700-F+ materiais produced from ^^^^^S. 
can be recycled or fed to the hydroisomerization step for the heavier f ractton for further convers.cn and iso- 
merization of the 700°F+ fraction. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a schematic arrangement of the process and its embodiments. 
DETAILED DESCRIPTION 

The Fischer-Tropsch process can produce a wide variety of materials depending on catalyst and process 
conditions. Currently, preferred catalysts include cobalt, ruthenium and iron. Cobalt and ruthenium make i pri- 
marily paraff inic products, cobalt tending towards a heavier product slate, e.g.. containing Cjo+. wh le rutne- 
Z! tends to produce more distillate type paraffins, e.g.. Regardless of the catalyst or conditions ern- 

ployed. however, the high proportion of normal paraffins in the product must be converted Into 
products, such as transportation fuels. This conversion is accomplished pnmanly b> ^cge" t eatments in- 
volving hydrotreating. hydroisomerization. and hydrocracking. Nevertheless, the feed stock for MM- 
can be described es a waxy Fischer-Tropsch product, and this product can contain C s * materials. preferaWy 
C 10 +. more preferably Co* materials, a substantial portion of which are normal paraffins. Atypical product slate 
is shown below, which can vary by ± 10% for each fraction. 
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Typical product slate 


from RT process 


liquids: 






Wt% 


IBP - 320°F 


13 


320 - 500°F 


23 


500 - 700°F 


19 


700-1050°F 


34 


1050°F+ 


11 




100 



The feed stock Is separated, usually by fractionation intoa heavierf raction and atleastone lighterfractlon. 
The heavierfractton. preferably a 

ier fraction contains less than about 3 wt% 500«F-. We have found that hydrotreatment of this fraction, while 
allowing for increased conversion upon hydroisomerization. does not provide the excellent cold flow propert.es 
that can be obtained by hydroisomerization of an untreated fraction. Consequently, the heavier fraction is pre- 
ferably subjected to catalytic hydroisomerization in the absence of any prior hydrotreating step. In other words 
the heavier fraction is not subjected to any chemical or catalytic treatment prior to hydroisomerfeabon 

Hydroisomerization is a well known process and its conditions can vary widely. For example. Table B below 
lists some broad and preferred conditions for this step. 

TABLE B 



30 


CONDITION 


BROAD RANGE 


PREFERRED RANGE 




temperature, °F 


300-800 


650-750 




pressure, psig 


0-2500 


500-1200 


35 


hydrogen treat rate. SCF/B 


500-5000 


2000-4000 




hydrogen consumption rate, SCF/B 


50-500 


100-300 



While virtually any catalyst may be satisfactory for this step, some catalysts perform better than others 
and are preferred. For example, catalysts containing a supported Group VIII noble metal. e.g. platinum or pal- 
ladium are useful as are catalysts containing one or more Group VIII base metals. e.g.. nickel, cobalt, which 
may or' may not also include a Group VI metal, e.g.. molybdenum. The support for the metals can be any re- 
fractory oxide or zeolite or mixtures thereof. Preferred supports Include silica, alumina, titania. zlrconia. va- 
nadia and other Group III. IV. VAor VI oxides, as well as Y sieves, such as ultrastaWe Y sieves. Preferred sup- 
ports include alumina and silica-alumina where the silica concentration of the bulk support is less than abou 
50 wt% preferably less than about 35 wt%. More preferred supports are those described in US patent 
5 187 138 incorporated herein by reference. Briefly, the catalysts described therein contain one or more Group 
VIII metals on alumina or silica-alumina supports where the surface of the support Is modified by addrtlonof 
a silica precursor, e.g.. SrfOCjHefc. Silica addition is at least 0.5 wt% preferably at least 2 wt%. more preferably 

about 2-25 wt%. . , . . . 

One factor to be kept in mind in hydroisomerization processes is that increasing conversion tends to in- 
crease cracking with resultant higher yields of gases and lower yields of distillate fuels. Consequently con- 
version Is usually maintained at about 35-80% of feed hydrocarbons boiling above 700°F converted to hydro- 
carbons boiling below 700°F. 

The cold flow properties of the resulting jet fuel (320/500-F) fraction and diesel fuel (500/700 F) fraction 
are excellent, making the products useful as blending stocks to make jet and diesel fuels. 

At least one lighter fraction boiling below 500°F is also recovered and treated. The lighter fraction can be 
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a 320-500- fraction or preferably the entire liquid fraction boiling below 500«F. that is. the Cs/500" fraction In 
either case ^atment steps are the same. First, the lighter fraction Is hydrotreated to remove hetero-atom 
compo" ds usuX oxygenates formed in 4he hydrocarbon synthesis process ^^T, 
Sn^ranoe from about 350-600-F. pressures from about 100-3000 psig and hydrogen consumpbon rates of 
ZSSSS^mSS. CataiysVs for this step are well known and include any catalyst having a hydrogen- 
a^frc^eTGroup VIII noble or non-noble metal or Group VI metals, or combinations thereof, supported 
I X or zeolites. e.g. alumina, silica, silica-alumina; alumina being a preferred support. 
T^Z to te lZ^ng, hydrogen and CO enter Fischer-Tropsch reactor 10 where the synthesis gas is 
converted ft^hJEcJo^ A heavier fraction is recovered in line 12 and hydroisomenzed m reactor 16. 
The u^u. prSuct * 3^TO0 fraction Is recovered In line 22 and may be used as dlesel or Jet fuel or as blend- 
Z ^^S^efo«, after fractionation (not shown). In one embodiment, the ™0^ matend lb, recov- 
T^^thT nr^urt n line 18 and recycled to the reactor 16. In another embodiment the hght naphtha. e.g.. 

" l^^^T^SS^ or a C500 fractfcn. In the latter case overhead ..... 
,ine « d2I nSeS in the forme/ft collects the light naphtha. i.e.. the <V320 fraction The 
ll nvdrotreated in hydrotreater 15 and the resulting light naphtha is flashed In line 17 to line 13 The 320/500 
Tracton S revered in Hne 19 and hydroisomerized in reactor 21 . The resulting product in line ,23 may be used 

a?jr U e1orat abC : " ' ' 

16 in line 24 Uaht naphtha is flashed from reactor 21 and recovered in line 27. . . 

the lighter fraction, the light naphtha is flashed off and the remaining ^^tesub. . . , . 
lected to hS catalyst can be any catalyst useful in hydroisome^ation of ^rttons 

eTa^STSns. and preferably contains a supported Group VIII noble metal. The noble metal catalysts ^ # 

containing platinum or palladium as described in US 5,187,138 are preferred. : • • • • 

TABLE C 
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CONDITION 


BROAD RANGE 


PREFERRED RANGE 


temperature, °F 


300-800 


600-750 


pressure, psig 


50-2000 


700-1200 




hydrogen treat rate, SCF/B 


500-5000 


2000-4000 


hydrogen consumption rate, SCF/B 


50-500 


100-300 



In catalytic hydroisomerization reactions feed cracking should be maintained as low as possible, usually 
less than 20% cracking, preferably less than 10%. more preferably less than about 5%. 
The following examples will serve to Illustrate further this invention. 

EXAMPLE 1 

A series of six catalysts (A-H) was investigated for isomerlzation of a ^^^^^ 
wax material with an initial boiling point of about 500'F and an oxygen content of about 0.45 wt%. All of the 
SJ ^.Tp^StS^ to conventional procedures using commercially available matenals we 

upflow pilot plant unit at 1000 psig. 0.5 LHSV. with a hydrogen treat gas rate nea 3000 SCF/BH and at ^tenv 
peratures of 650 to 750-F. Material balances were collected at a series of increasing empera ums^th oper 
a«on periods of 100 to 250 hours at each condition. The composition of the catalysts is outlined in Table 1. 
TebTeTaEo testes the relate actMty of the catalysts expressed as tne reactkm terr^ra^e r^e^te 
achieve 40-50% conversion of feed hydmcarbons boiling above 700-F to hydrocarbons boring Mm Wf. 
CateUs described as being surface impregnated with silica were prepared in accordance with US 5.187.138. 
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TABLE 1 





CATALYST 


COMPOSITION 


REACTION T(°F) 


700°F+ CONVERSION 
(WT%) 


5 


A 


12% Mo-0.5% Ni-3% Co on 10% SiOrAI 2 0 3 


726 


46 




B 


12% Mo-0.5% Ni-3% Co on 20% SiOrAI 2 0 3 


705 


46 




C 


12% MO-0.5% Nl-47b KjQ On Jit /o 


705 


44 


10 


D 


4% surface impregnated silica on A 


708 


53 




E 


8% surface impregnated silica on A 


696 


44 




c 
r 


16% surface impregnated silica on A 


668 


40 


15 


G 


4% surface impregnated silica on 0.6% Pt 
on 10% SiO<rAU0 3 


707 


39 


20 


H 


4% surface ImDreonated silica on 0.7% Pd 
on 10% SiO r AI 2 0 3 


716 




I 


0.5% Pd on composite support with 20% 
Al 2 0 3 and 80% ultrastaWe-Y 






25 


J 


6% surface impregnated silica on 0.3% Pd 
on 10% Si0 2r AI 2 0 3 


«... 


- 




K 


0.5% Pd on 75% SiO r Al 2 0 3 






30 


L 


0.5% Pd on composite support with 80% 
high silica zeolite Y and 20% AI 2 0 3 






M 


7.0% F on 0.6% Pt/AJ 2 0 3 








N 


0.5% Pt on ultrastable-Y zeolite 







35 



40 



dearly different catalysts displayed significant differences in wax conversion activity. The most active 
materials were those produced using a surface silica additive. However, for the purposes of this invention ac- 
tivity Is not a critical factor. More Important factors include the selectivity for producing Jet fuel and diesel fuel 
versus gas and naphtha and the quality of the resulting jetf uel and diesel; e.g.. these products should approach 
or meet cold flow property specifications for use as transportation fuels. 

Table 2 provides a comparison of product distributions, jetf uel freeze points, diesel pour points, and eetane 
ratings for operations carried out at 40-50% 70CTF* conversion. All the catalyst s "Considered in thbmmg 
showed more-oMess similar boiling range product distributions characterized by high selectivity to 320/500 F 
jet fuel range hydrocarbons with low gas and naphtha make. Other catalysts (not shown) were also examined 
which did not show such favorable selectivities. 
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Table 2 shows that only certain catalysts combine high activity and jet/diesel selectivity in achieving cold 
55 flow properties. Specifically. Catalyst A was not able to produce jet fuel with acceptable cold flow Properties. 
However, catalysts containing the same metal combination and loadings on silica-alumina supports with 20- 
30 wt% silica content (B and C) provided acceptable performance. Also, CoNiMo/10% SiO r AI 2 0 3 catalysts 
which were modified by the addition of an additional 4-16 wt% silica as surface impregnated silica (catalysts 
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D-F) also provided good performance. Good performance was also recognized with surface silica modified 
catalysts containing platinum or palladium (G.H) in place of CoNIMo. These types of catalysts (represented 
by B-H) produced products of similar overall quality and are strongly preferred for the wax isomerization step 
for 500°F+ material. 

EXAMPLE 2 

Catalyst D (4% SiCyCoNiMo/10% Si0 2 -Al 2 0 3 ) was tested for 500"F+ wax conversion activity, selectivity, 
and product quality under several different sets of processing conditions. In these tests, the catalyst was in 
the form of 1/20" quadrilobe extrudates In a 200 cc pilot plant reactor Table 3 summarizes results of these 
studies which employed the same non-hydrotreated wax feed as in Example 1. Activity was improved with 
equivalent selectivity and jet fuel quality when the pressure was lowered to 500 psig and space velocity was 
increased to 1.0 LHSV. However, when the wax feed rate was increased to 3.0 LHSV and the temperature also 
increased, the selectivity pattern changed dramatically, e.g.. the yield of jet fuel was lowered in favor of gas 
and naphtha production, and the quality of the jet fuel was also impaired as reflected by an increased freeze 
point The detailed reasons for this change in selectivity are not fully understood, although pore diffusion lim- 
itations are believed to be a primary factor contributing to the inferior performance at 3 LHSV. 

TABLE 3 



20 


CONDITIONS 


RELATIVE RATE CONSTANT FOR 700°F+ 
CONVERSION 


SELECTIVITY 




700°F/1000 psig/0.5 LHSV 


1.0-Base 


Base 


25 


700°F/500 psig/1.0 LHSV 


2.0 


Base 




725°F/1000 psig/3.0 LHSV 


4-5 


-8% jet/diesel; 








+7% gas/naphtha 



EXAMPLE 3 

Several tests were also carried out using a 550°F+ Fischer-Tropsch wax which was hydrotreated to remove 
small levels of oxygen-containing hydrocarbons (alcohols, aldehydes, etc.) prior to isornerization.Hydrotreat- 
ing was carried out at 635°F, 1000 psig. 2500 scf/Bbl H 2 treat rate, and at space velocities of 0.5 to 3.0 LHSV 
using a commercial sulf ided NiMo/AI 2 0 3 catalyst Wax isomerization and hydrocracking was subsequently car- 
ried out using Catalyst B at 1000 psig. 0.5-3.0 LHSV. and 620-660°F. Results from these tests are compared 
with single stage isomerization operations in Table 4. The reactivity of the Fischer-Tropsch wax for conversion 
during isomerization was increased greatly by prehydrotreating. For example. 50% 700°F+ conversion was 
achieved near 600°F with the hydrotreated wax versus a temperature requirement near 700°F with the non- 
hydrotreated wax. However, the quality of the jet fuel produced with hydrotreating followed by isomerization 
was not as good as that achieved with single stage operations. Based on this behavior, wax isomerization is 
preferably carried out using non-hydrotreated 500°F+ Fischer-Tropsch product 



so 



500T+ Feed 
Non-hydrotreated 
Hydrotreated 



TABLE 4 
700 # F+ 

Reaction Conversion 
I f n Lll 



716 
608 



57 
56 



55 



Product Properties at 75 # F 
320/700T 7Q9T+ 

clear liquid clear liquid 

cloudy, hard wax 

waxy liquid 



€ 1000 psig, 0.5 LHSV, 2500 SCF/Bbl 
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EXAMPLE 4 

Tests were also carried out using Fischer-Tropsch wax feeds with variable ^^J^fS'S 
bons As shown in Table 5 for similar levels of 700«F+ feed conversion, the quality of the 320/500 F Jet fue 
S edlrSeze^ 

jet f uel freeze point specifications at 700'F* conversion levels near 50-60%. the content of 500 F- hydrocar 
tons on wax feed is less than about 6%. preferably less than 4 wt%. and most preferably less than 2 wt/.. 

TABLE 4 



500°F+ Feed 


Reaction T(°F) 


700°F+ Conversion 
(%) 


Product Properties at 75°F 


320/700°F 


700°F+ 


Non-hydrotreat- 


716 


57 


dear liquid 


dear liquid 


ed 








Hydrotreated 


608 


56 


doudy, waxy liquid 


hard wax 



EXAMPLE 5 

Catalvst H of Example 1 and catalyst I were evaluated for isomerization of a light oil Fischer-Tropsch prod- 
uct S t between WF and 500'F (approximating a (^500 fraction). The reaction conditions were sim lar 
to thos ^LstTed in^amjle 1. Catalyst . was a commercially available hydrocracking cate.yst contoinmg 
0 5^; Pd disced on particulate support material containing about 80 wt% ultrastable-Y zeolite ,and 20 
, l£le or no conversion of this feed could be accompiished with either cata«yst for reacts tern- 
peratures up to 750°F. 



EXAMPLE 6 



Th« sa me feed employed in Example 4 was subjected to hydrotreating and fractionation before isomeri- 
za^es^" ^ c^nducTd Hydrotreating was carried out at 350 psig. 450-F. and 3 LHSV using a 50% 
Hmc cata^L SS ^treating . the feed was topped to an initial boiling point of about 350JF pnor to ,sc- 
merit^tesfs Th^menzation tests were carried out at 350-600 psig. 550-700-F. and 1 LHSV using 
S^JTiSSrSl. 1. in contiast to Example 4. the hydrotreated distillate feed showed good 
SZftto far conlereton to naphtha and isomerized distillate range hydrocarbons that are sultoWe for use as 
l^d 5 tS^ng components. At hfch levels of 5O0'F + conversion. ^^^f^t 
over catalvst J was suitable for use as Jet fuel without further blending. This catalyst contained 0.3 wt /. paHa 
r m o^r^ed o^a m SiOrAfcO, support which was further modified by the addition of 6 wt% surface siHca 

versus gas and naphtha as compared to the more active catalysts K and L which contained 1 0.5% Radium 
ofe^ersed on supports containing 75% Si^O, and ultrastaWe-Y zeolite, respecuvely. Table 6 compares 
product distributions and jet quality at several conversion levels. 
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TABLE 6 



HYDROISOMERIZATION OF HYDROTREATED 350/500 F-T DISTILLATE 


CATALYST 


T(°F) 


NC 10 + CONV. 


PRODUCT YIELDS (WT%) 


OZU/OUU r rr\CCLtl 

PT( 9 F) 








C1/320 


320/500 




Pd/US-Y 


588.7 


71.6 


40.64 


59.36 


-38 


Pd/Si-enhanced 












TN-8 SiOj-AljOa 
(from U.S. 
5,187.138) 


599.8 


84.1 


54.63 


45.37 


-51 



EXAMPLE 7 

Isomerization tests were also carried out with the same hydrotreated 350 F+ distillate feedstock employed 
in Example 6 using catalyst K described in Table 1 and a lab catalyst prepared by Impregnating 0.5 wt% pal- 
ladium onto the same 20% Si0 2 - AI23 support that was used to produce catalyst B. 

This catalyst was dried and calcined in air at 450°C for 3-4 hours prior to use. In this case, the test goal 
was to maximize the yield of 320-500°F boiling range distillate satisfying a freeze point specification of -50°F. 
Table 7 compares product yields under these conditions of constant product quality. It can be seen that the 
catalyst produced using the 20 wt% silica support provided improved distillate yield and reduced gas and naph- 
tha make as compared to the catalyst produced using the high (75 wt%) silica content support, although both 
catalysts provided effective performance. 



TABLE 7 


Hydroisomerization of Hydrotreated 350/500°F-T Distillate 


Catalyst 


0.5%Pd/20% Si02-AI 2 0 3 


0.5%Pd775% SiO r AI 2 0 3 


Yield (wt%) at-50°F 320/500°F Freeze 






Point 






C r C 4 Gas 


1.8 


2.6 


<V320°F 


10.5 


13.5 


320/500°F 


82.5 


77.7 


500°F+ 


5.4 


6.5 



EXAMPLE 8 

Isomerization tests were also conducted using a second hydrotreated normal paraffin feedstock containing 
primarily distillate range hydrocarbons. In this case, six catalysts (A t D l G,H,M,N) were investigated at 1000 
psig, 0.5 LHSV, and with temperatures ranging from 400°F to 700°F. As shown in Table 8, very different activity 
and selectivity patterns were observed with the different catalysts. Catalysts A and D containing CoNiMo dis- 
persed on silica-alumina supports showed high tendency for C1-C4 gas make. Catalyst N which contained 0.5 
wt% platinum on an ultrastable-Y zeolite showed high activity at low temperatures but the products were mostly 
naphtha range hydrocarbons. Catalyst M containing 0.6% Pt dispersed on a fluorided alumina showed good 
activity combined with good selectivity for producing isomerized hydrocarbons in the jet fuel boiling range. 
However, the best selectrvities for producing 320/500°F hydrocarbons versus gas and naphtha were obtained 
with noble metal catalysts containing 0.6 wt% Pt or 0.7 wt% Pd dispersed on a 10% SiOj-AfeOa support which 
was further modified by the addition of 4 wt% surface silica derived from impregnation with Si(OC 2 H 6 )4. 
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TABLE 8 











PRODUCT YIELDSlfiTVL 




CftTALYST 


RXN 


500°F+ 
Sggx 


gH4 


g2/C4 




3?0/500F 


A 


658 
674 


78 


4.1 
9.1 


1.6 
3.1 


8.7 
14.7 


69 
54 


D 


656 
674 


aft 

oU 
92 


2.1 
4.7 


1.4 
2.5 


6.4 
14.4 


77 
62 


G 


656 
672 


78 
90 


0.02 
0.04 


0.65 
1.6 


4.9 
11.1 


84 

77 


H 


656 
671 


72 
88 


0.01 
0.01 


0.61 
1.3 


3.9 
9.0 


84 
80 


M 


590 


58 


0.01 


0.85 


4.1 


79 


N 


400 


52 


0.01 


7.6 


25.4 


47 



pBig/0.5 IJISV/3000 SCl7Bbl-H 2 J 32% 550" 



Claims 

1. A process for producing middle distillate transportation fuel components from the waxy product of a hy- 
drocarbon synthesis process which comprises: f-rflon- 

<ri seoarating the waxy product into a heavier fraction and at least one lighter f taction. 

(o) caSyS InStaO the heavter fraction In the presence of hydrogen and recovenng preducts 

{dTcltalytically isomerizing the pmduct of step (c) to produce a fuel component having a freeze point 
of -30°F (-34"C) or lower. 

2. The process of claim. 1 wherein the heavier fraction boils above about 500<>F (260»C). 
The process of claim 1 or claim 2. wherein the lighter fraction boils in the range CrSOO'F <260«C). 
The process of claim 3. wherein the lighter fraction boils in the range 320-500'F (160-260-C). 
The process of any preceding claim, wherein the heavier fraction Is substantially free of materials boiling 
below 500°F (260°C). 

The process of claim 5. wherein the heavier fraction contains less than about 3% hydrocarbons boiling 
below 500°F (260°C). 

The process of any preceding daim. wherein at least a portion of the preduct of step (b) is combined with 
at least a portion of the product of step (d). 

The process of daim 7, wherein at least a portion of ^j^^lZlZe ££££ S£ 
260-C) from step (b) is combined with at least a portion of product boiling in the range 320-500 r pou 

260°C)ofstep(d). 

The process of any preceding daim. wherein the product recovered from step (b) boils in the range 320- 
700»F (160-370-C). preferably 500-700°F (260-370°C). 
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